Introduction
============

The importance of non-shared environment lay hidden within quantitative genetic studies since they began nearly a century ago. Quantitative genetic methods, such as twin and adoption methods, were designed to tease apart nature and nurture in order to explain family resemblance. For nearly all complex phenotypes, it has emerged that the answer to the question of the origins of family resemblance is nature---things run in families primarily for genetic reasons. However, the best available evidence for the importance of environmental influence comes from this same quantitative genetic research because genetic influence never explains all of the variance for complex phenotypes, and the remaining variance must be ascribed to environmental influences.

Yet it took many decades for the full meaning of these findings to emerge. If genetics explains why siblings growing up in the same family are similar, but the environment is important, then it must be the case that the salient environmental effects do not make siblings similar. That is, they are not shared by children growing up in the same family---they must be 'non-shared'. This implication about non-shared environmental import lay fallow in the field of quantitative genetics because the field's attention was then firmly on the nature--nurture debate. 'Nurture' in the nature--nurture debate was implicitly taken to mean shared environment because from Freud onwards, theories of socialization had assumed that children's environments are doled out on a family-by-family basis. In contrast, the point of non-shared environment is that environments are doled out on a child-by-child basis. Note that the phrase 'non-shared environment' is shorthand for a component of phenotypic variance---it refers to 'effects' rather than 'events', as discussed later.

The 1987 paper reprinted in this issue of the *International Journal of Epidemiology*[@B1] brought together evidence for the importance of non-shared environment in the development of personality, psychopathology and cognitive abilities, expanding on a previous paper.[@B2] The purpose of the present commentary is to reflect on non-shared environment three decades after the topic emerged. Progress and problems in studying non-shared environment were reviewed in 2001;[@B3] rather than providing a systematic update of this burgeoning field, my current goal is to suggest some new directions for research in this area.

The 1987 paper was published with 32 commentaries and our response,[@B4] which I recommend. These commentaries and the response to them raised many of the issues that resurfaced during the following decades, such as the following: Non-shared environmental effects need to be distinguished from error of measurement (yes).Non-additive genetic variance can account for non-shared environmental effects (no).Genotype--environment interaction and correlation can account for non-shared environmental effects (no).Prenatal factors can contribute to non-shared environmental effects (yes).Non-shared environmental effects may be more influential in extreme situations such as abusive families (yes).Perceptions of environment can be an important source of non-shared experience (yes).Non-shared environment can involve chance in the sense of idiosyncratic experiences (yes).

It is noteworthy that none of the 1987 commentaries disagreed with the fundamental phenomenon that children growing up in the same family are very different. There was also general agreement that most of the environmental variance is of the non-shared variety. As I reflect on the following decades of research on non-shared environmental influence, the basic finding of the importance of non-shared environment has not been seriously challenged, which seems surprising to me given its far-reaching implications for understanding how the environment works. It should be emphasized that the message is not that all environmental variance for all traits is non-shared but rather that most environmental influence for most traits is non-shared. Some significant shared environmental variance has been found for some traits.[@B5]^,^[@B6] For example, for antisocial behaviour in adolescence, shared environment accounts for \~15% of the total phenotypic variance, although even here non-shared environment accounts for much more of the variance, \~40%.[@B7] Another example of significant shared environmental influence is academic achievement, where the effect is surprisingly modest in its magnitude given that this result is based on siblings growing up in the same family and being taught in the same school, often by the same teacher in the same classroom.[@B8] Intelligence (IQ) is a third example, first mooted in the 1987 paper, showing significant shared environmental influence in childhood that diminishes to insignificant levels by adolescence to be subsumed by genetic and non-shared environmental influences, a suggestion subsequently confirmed in several studies and meta-analyses.[@B9]^,^[@B10]

A search for 'nonshared environment OR non-shared environment' using ISI Web of Science (February 2010) yields 371 entries, after excluding a few inappropriate entries. These 371 entries certainly underestimate the total number of papers in the area---e.g. the search does not even identify our 1987 paper or 29 of the 32 connected commentaries. In part this is due to the fact that non-shared environment has been called by other, less searchable names such as unique, specific and individual environment. Nonetheless, a 'citation report' of the 371 entries ([Figure 1](#F1){ref-type="fig"}) is interesting for three reasons. First, it was not until the mid-1990s, a decade after the first papers, that non-shared environment began to be cited. Second, since then, citations of non-shared environment have steadily increased to more than a thousand per year by 2008. Figure 1Citations per year for 371 entries for 'nonshared environment OR non-shared environment\' from ISI Web of Science (March 2010)

The third point from [Figure 1](#F1){ref-type="fig"} is that \>95% of these publications are from the behavioural sciences. The few exceptions are close to the behavioural sciences as well. For example, 10 papers are listed for the ISI subject area of 'endocrinology and metabolism' but these are all about body weight. Since 1991, reviews of the genetics of body mass index find that nearly all environmental influences are non-shared.[@B11; @B12; @B13] This is an important finding because theories of individual differences in weight highlight environmental factors such as nutrition and lifestyle that ought to be shared by children growing up in the same family.

Beyond the behavioural sciences
===============================

The 1987 paper focused on the behavioural sciences because it was written for *Behavioral and Brain Sciences* and because the behavioural sciences were the battlefield for the nature--nurture wars of the past century. However, non-shared environment may be just as important for other domains in the life sciences. For example, identical twin concordances for cardiovascular disease are only \~30%.[@B14] (Because identical twins are genetically identical for inherited DNA sequence variation, differences within pairs can be attributed to non-shared environment.) For cancers, identical twin concordances are even lower, \~10--20%.[@B15]

Non-shared environment also seems to be the major source of environmental influence for other diseases such as diabetes, ulcers, childhood eczema, asthma and allergic rhinitis, although these domains are not nearly as well studied.[@B16] Examples of other domains in which non-shared environmental influence has been shown to be important include: longevity,[@B17]^,^[@B18] psoriasis,[@B19] stress urinary incontinence,[@B20] menstrual symptomatology,[@B21] abdominal aortic aneurysms,[@B22] serum vitamin D status,[@B23] serum lipids and apolipoproteins,[@B24] uric acid and liver enzymes,[@B25] and collectin surfactant protein D serum levels.[@B26] Non-shared environmental factors may be important even for infections in the family.[@B27; @B28; @B29]

In summary, one suggested direction for non-shared environmental research is to go beyond the behavioural sciences. In particular, epidemiology represents a special opportunity because it is primed to go beyond its traditional focus on differences between families to consider differences within families.[@B30]

Children in the same family are very different, but why?
========================================================

This question was the title of our response to the 32 commentaries on our 1987 paper. Answers to the question are the gauge of progress in understanding non-shared environment. The 1987 paper suggested a new research agenda: to study more than one child per family in order to investigate why they are so different. Three steps were recommended for this program of non-shared environmental research: Identify differential experiences.Identify associations between differential experiences and differential outcomes.Identify causal associations between differential experiences and differential outcomes.

In this section, I summarize progress as I see it in these three steps.

Step 1: what are the specific sources of non-shared environmental effects?
--------------------------------------------------------------------------

Table 1 in the 1987 paper outlined possible sources of non-shared environmental effects such as family composition, parental treatment, sibling interactions and extra-familial influences such as peers in addition to non-systematic factors. The important point here is that any environmental factor can be viewed in terms of its contribution to non-shared environmental effects, as long as it can be assessed separately for each child (child-specific). For example, parental warmth and control have been assessed in hundreds of studies as the two 'super-factors' of parenting which are then correlated with children's outcomes. These studies have traditionally assumed that parenting is a shared environmental factor in the sense that only one child per family was considered and parent--child associations were analyzed 'between' families. However, by studying more than one child per family and by targeting parenting that is specific to each child, it is possible to investigate the extent to which parents' warmth and control differ for children 'within' families. Research of this kind has shown that parents do treat their children differently. If you ask parents about their differential parenting they report only modest differential parenting (sibling correlations of \~0.70) but if you ask children about it you might think they were raised in different families (sibling correlations of \~0.25). Observations of parent--child interactions support not the parents' but the children's view (sibling correlations of \~0.20).[@B31]

Sources of non-shared environmental variance can also be found in events such as divorce that are shared by children in a family. This issue illustrates well the point mentioned earlier, i.e. non-shared environment is not about events but rather is about effects on phenotypes: the shared event of parental divorce may be experienced differently by children in the same family, and thus have non-shared environmental influence.[@B32] Similarly, siblings generally attend the same school, but members of a sibling pair perceive their school and classroom experience differently, even identical twins in the same classroom.[@B33]^,^[@B34] Indeed, even prenatal life in the same womb can lead to differences.[@B35]^,^[@B36] As an aside, one could argue that we should not study non-shared environmental effects in the human species until we solve the puzzle of why genetically identical inbred mice growing up prenatally in the same womb at the same time and raised by the same mother in a controlled laboratory environment are so different.[@B37]

Furthermore, although non-shared environment is often referred to as non-shared 'family' environment, it is not limited to families. Life outside the family such as school and peers can contribute to non-shared experiences.[@B38] Nor is non-shared environment limited to children: as siblings grow up and leave their family, they live increasingly separate, non-shared lives. Adult life events are mostly non-shared even by identical twins.[@B39]

It is also possible that non-systematic factors, such as accidents and illnesses and other idiosyncratic experiences, initiate differences between siblings. Compounded over time, small chance differences in experience might lead to large differences in outcome, as discussed in the next section. The 1987 paper concluded that 'one gloomy prospect is that the salient environment might be unsystematic, idiosyncratic, or serendipitous events such as accidents, illnesses and other traumas, as biographies often attest' (p. 8). It is striking how often biographies and autobiographies point to chance as a tipping point to explain why siblings are so different.[@B16] Illnesses and accidents also feature in interviews with parents of discordant identical twins in explaining why they thought their children differed.[@B40] Support for chance as a source of non-shared environmental influence comes from quantitative genetic research that suggests that non-shared environmental effects are trait specific and age specific. That is, non-shared environmental effects on one trait are largely uncorrelated with such effects on other traits and non-shared environmental effects at one age are largely uncorrelated with such effects at other ages.[@B8]

Chance might not be such a gloomy prospect for non-shared environmental research.[@B41] Some events that we call chance might be unpredictable yet orderly, just as chaos theory refers to non-linear dynamic systems highly sensitive to initial conditions.[@B42] Chance might only be a label for our current inability to identify the environmental processes by which children growing up in the same family come to be so different.

The simple answer to the first step in the non-shared environment research agenda is that nearly all child-specific measures of the family environment show some differences between children growing up in the same family. However, much less is known about specific sources of non-shared experience outside the family.

Step 2: what specific sources of non-shared environmental effects are associated with outcomes?
-----------------------------------------------------------------------------------------------

Much less progress has been made in relation to the second step in the non-shared environment program of research: identifying associations between differential experiences and differential outcomes. The 1987 paper stimulated much research on this topic and half a dozen books.[@B16]^,^[@B31]^,^[@B43; @B44; @B45; @B46] In 2000, a meta-analysis of 43 papers addressing this second step concluded that 'measured non-shared environmental variables do not account for a substantial portion of the non-shared variability'.[@B41] It seems to me that this pessimistic review served to slow down research relating non-shared environment to outcomes.

Looking at the same studies, an optimist could conclude that this research was off to a good start.[@B3] The proportion of total variance accounted for in outcomes such as adjustment, personality and cognition was 0.01 for family constellation, 0.02 for differential parental behaviour, 0.02 for differential sibling interaction and 0.05 for differential peer or teacher interaction. Moreover, these effects are largely independent and they add up to account for 13% of the total variance. If non-shared environment accounts for \~40% of the variance in these domains, we could say the cup is already more than one quarter full.

These findings for non-shared environment look even better when compared to results emerging from genome-wide association studies in which \<5% of the variance of highly heritable traits such as height and weight can be explained by replicated associations with DNA markers.[@B47] The big question now in molecular genetics is how to identify the 'missing' heritability;[@B48] the big question for non-shared environment is how to identify the 'missing' non-shared environment. The motivation for identifying non-shared environment should be at least as strong as the motivation for identifying DNA associations. As an aside, other interesting parallels exist between genetics and environment such as pleiotropy (each gene affects many traits) and polygenicity (each trait is affected by many genes). It seems safe to predict that each non-shared experience will affect many traits and that each trait will be influenced by many non-shared experiences. One important difference is that non-shared environmental influences can be investigated at a composite level with variables such as parenting. Although many DNA markers can be aggregated in a polygenic risk index,[@B49] each DNA polymorphism is independent in the sense that it is uncorrelated with all other polymorphisms except its close neighbours.

An updated meta-analysis of associations between specific sources of non-shared environment and outcomes is needed but beyond the scope of this paper. However, I have three impressions from such research during the past decade. First, there has been slow but steady progress towards identifying specific sources of non-shared environment associated with outcomes. Recent research examines possible contextual moderators of the links between non-shared experiences and outcomes.[@B50] Second, non-shared experiences outside the family are increasingly targets for these investigations.[@B38]^,^[@B51] Third, a larger proportion of this research involves genetically sensitive designs, especially twin studies, which is the topic of the following section. Although studies of non-twin siblings are valuable in pointing to potential associations between non-shared environmental factors and outcomes, the next step in the non-shared environment research program attempts to untangle genetic and environmental contributions to these associations. As large twin samples with environmental measures become more abundant, it makes sense to skip Step 2 and move to Step 3. However, in epidemiology, Step 2 will continue to be valuable as a crucible for between-family research: unless a between-family variable can be shown to operate within families, in the sense that it is experienced differently by siblings and has differential effects on them, it cannot be an important environmental source of individual differences in development because these are non-shared.

Step 3: what specific sources of non-shared environmental effects are causally associated with outcomes?
--------------------------------------------------------------------------------------------------------

When differential experiences (*X*) are shown to relate to differential outcomes (*Y*), another hurdle remains before such a correlation can be interpreted causally. That is, although the goal is to identify *X* that causes *Y*, as in any correlation *Y* can also cause *X*. Developmental psychologists have long been aware of this possibility which has come to be known as the 'direction of effects in socialization' issue.[@B52] Direction of effects was discussed in relation to shared environmental effects---e.g. is parenting the cause or effect of children's behaviour? The issue is just as relevant for non-shared environmental effects---is differential parenting the cause or effect of sibling differences? Longitudinal cross-lagged analyses of the links between parenting and children's outcomes can help to sort out the direction of effects.[@B53]^,^[@B54]

In addition to *X* causing *Y* and *Y* causing *X*, a correlation can occur because a third factor causes both *X* and *Y*. One candidate 'third factor' of particular relevance for the current discussion is genetics. Siblings differ for genetic reasons as well as for reasons of non-shared environment because siblings are on average 50% similar genetically for additive genetic effects, which means that they are 50% different genetically. For heritable traits, siblings will of course differ at least in part for genetic reasons. But what about the environment---how can environmental measures be heritable? One possibility is that differential parenting reflects genetic differences in characteristics of their children. However, genetics can also affect parenting more directly. This raises a topic that has been called the 'nature of nurture',[@B55] which in my view is the second most important finding from behavioural genetics after non-shared environment. As implausible as it might seem, most ostensible measures of the environment show significant genetic influence when investigated as dependent measures in dozens of twin and adoption studies. A review of 55 studies involving 35 environmental measures found an average heritability of \~25% for familial as well as extra-familial measures of the environment.[@B39] A recent example is a developmental study of 1800 twin pairs interviewed retrospectively about peer group deviance which showed heritabilities of peer group deviance from 0.40 to 0.50 from childhood to young adulthood.[@B56] In fact, very few measures of experience examined in genetically sensitive designs do *not* show significant genetic influence. It is important to be clear: of course, environments per se are not inherited. Genetic influence comes into the picture because these environmental measures are not independent of the person. For example, many life events and stressors are not things that happen to people passively---people contribute to their experiences to some extent. In quantitative genetics, this nature-of-nurture theme is known as genotype--environment correlation, which refers to genetic influence on exposure to environments thus creating correlations between genetic propensities and experiences.[@B57]

If genetic factors are important not only for outcomes but also for measures of the environment, then it follows that it is important to control for possible genetic contributions to correlations between non-shared environmental measures and outcomes. The first of two major methods for accomplishing this is the identical twin differences design.

### Identical twin differences design

Studying differences within pairs of identical twins provides a simple and direct test of non-shared experience that by definition controls for the role of genetics. Because identical twins reared in the same family are identical genetically, their differences in experience and in outcome can only be due to non-shared environment and error of measurement. Thus, non-shared environmental effects are implicated if identical twin differences in experience correlate with their differences in outcome.[@B58]

During the past decade, more than a dozen such studies have reported evidence for non-shared environmental effects controlling for genetic confounding, primarily between differential parenting and adjustment.[@B59; @B60; @B61; @B62; @B63; @B64; @B65; @B66; @B67] A few studies have looked beyond the family, e.g. between classroom environments and adjustment[@B68] and academic achievement.[@B34]

An exciting new direction for non-shared environmental research is to use discordant identical twins in an attempt to identify biomarkers and biomechanisms of non-shared environment at the most basic '--omic' levels of the transcriptome, epigenome and proteome. Even the genome can be a source of non-shared environmental differences within pairs of identical twins, such as de novo copy number variants.[@B69] The epigenome---more specifically the methylome (DNA methylation across the genome)---is especially promising for non-shared environmental studies because the methylome is both responsive to the environment and governs gene expression, thus potentially creating a pathway from environmental effects through gene expression to behaviour.[@B70] Moreover, because changes in DNA methylation are transmitted from mother to daughter chromatids during mitosis, epigenetic changes in response to environmental factors may be long-lasting and mediate phenotypic outcomes later in life. The long-lasting but reversible nature of DNA methylation makes it an especially exciting target for creating a biological foundation upon which to build an understanding of non-shared environmental influence as well as to provide biomarkers for non-shared environmental change.

Non-shared environmental effects on DNA methylation could be the result of random stochastic events[@B71] accumulating over the millions of mitotic divisions occurring during the lifetime of two monozygotic (MZ) twins.[@B72] However, DNA methylation has been shown to vary systematically as a function of numerous environmental factors such as nutritional, chemical, physical and psychosocial factors,[@B73; @B74; @B75] and may be especially influenced by the prenatal environment.[@B70] Environmental influences on the epigenome have been studied most in relation to cancer,[@B76]^,^[@B77] although external influences on DNA methylation are likely to be widespread even for loci not involved in the disease. Animal studies also provide strong support for the role of environmental epigenetics in disease susceptibility[@B78] and behaviour.[@B79]

MZ twins have been shown to differ substantially in their degree of methylation, which suggests that epigenetic processes are likely to be influenced by non-shared environmental influences.[@B70]^,^[@B80] Moreover, preliminary research indicates that systematic epigenetic differences can be found within behaviourally discordant MZ pairs.[@B81]^,^[@B82] Several studies that have focused on genes implicated in psychiatric morbidity have found MZ twin differences in DNA methylation.[@B83]^,^[@B84] The most highly cited paper in this area showed epigenetic differences in lymphocyte DNA within 40 MZ pairs of a wide age range, with a suggestion that the greatest differences occurred within pairs of identical twins with divergent lifestyles as well as in older twins.[@B85]

### Full multivariate genetic design

The identical twin difference design is a sharp scalpel for dissecting non-shared environmental effects from genetic effects. The strength of the design is that it focuses only on within-pair differences, but it is also a weakness that it ignores between-pair variance and total variance among individuals. Moreover, the design uses only one-quarter of the data available in a twin study---a twin study includes variance within and between identical and fraternal twin pairs. Adding fraternal twin differences to the identical twin differences design provides a replication and a check on the uniqueness of identical twins, since fraternal twins should show non-shared environmental associations with outcomes that are at least as great as those for identical twins. Moreover, genetic contributions can be inferred to the extent that twin difference associations are greater for fraternal twins than for identical twins.

However, adding fraternal twin differences to the identical twin differences design is still limited to the within-pair variance of the twin design. Strong within-pair associations between experiences and outcomes could emerge even though such differential effects account for only a small portion of the total variance, which is comprised of variance between pairs as well as variance within pairs. Multivariate genetic analysis complements the identical twin difference design and incorporates all of the information in the full twin design.[@B86]

Instead of estimating genetic and environmental influence on the variance of one phenotype at a time, multivariate genetic analysis investigates the origins of the covariance between phenotypes.[@B87] Traditional univariate genetic analysis compares identical and fraternal twin correlations for one phenotype in order to decompose the variance of that phenotype into genetic and environmental components of variance. In contrast, multivariate genetic analysis compares identical and fraternal twin cross-correlations---i.e. the correlation between variable *X* for one twin and variable *Y* for the other twin---in order to decompose the covariance between *X* and *Y* into genetic and environmental components of covariance. A genetic contribution to the phenotypic covariance is implied if the identical twin cross-correlation exceeds the fraternal twin cross-correlation.[@B88]

Multivariate genetic analysis has been used in hundreds of studies since the 1980s. For example, multivariate genetic analyses have shown a surprising degree of genetic overlap across mental disorders[@B89]^,^[@B90] and across learning abilities and disabilities.[@B91] In addition to the general picture of genetic comorbidity, multivariate genetic analyses have also produced examples of genetic heterogeneity. For example, the triad of symptoms included in diagnoses of autistic spectrum disorder appear to differ genetically.[@B92]

However, it was not until the mid-1990s that it was realized that multivariate genetic analysis could be applied to the question of the causality of non-shared environmental effects controlling for genetics. It was not mentioned in the 1987 paper or its commentaries. It took three steps to get to this realization. The first step was to recognize that environmental measures could be treated as phenotypes in univariate quantitative genetic analyses, as discussed in an earlier section on the 'nature of nurture'.[@B55] The second step was to incorporate environmental measures in multivariate genetic analyses to investigate the aetiology of covariance between environmental measures and outcomes.[@B45] As in most quantitative genetic research, this research highlighted the genetic aspect of these results, often finding substantial genetic contributions to the links between environmental measures and outcomes. The third step was to realise that these same multivariate genetic analyses of environmental measures and outcomes estimate the importance of non-shared environment on an outcome independent of genetics and shared environment, using all of the variance within and between identical and fraternal twins. Unlike other analyses of non-shared environment, structural equation model-fitting estimates non-shared environment as a latent variable free of measurement error if the standard assumption is made that error of measurement does not correlate across measures.

The first analysis of this type was published in 1996 in a multivariate genetic analysis of parental negativity and their adolescents' depressive symptoms and antisocial behaviour.[@B86] [Figure 2](#F2){ref-type="fig"} reprints one of the figures from this paper that shows the model-fitting results of the multivariate genetic analysis as depicted in a structural equation path model. The results indicate that maternal negativity is significantly related to adolescent depressive symptoms through non-shared environmental processes, even though genetic factors account for most of the association between maternal negativity and adolescent depressive symptoms. Specifically, the findings indicated that 14% of the phenotypic correlation of 0.33 between maternal negativity and adolescent depressive symptoms can be attributed to non-shared environment (*E*~n~) independent of genetics (*G*~a~), shared environment (*E*~s~) and error. Non-shared environmental influences from maternal negativity explain \~5% of the total non-shared environmental influence on adolescent depressive symptoms. (See legend to [Figure 2](#F2){ref-type="fig"} for explanation). Figure 2A reprinted figure from the first full multivariate genetic analysis between an environmental measure (mothers' negativity) and an outcome measure (their adolescent children's depressive symptoms). (*Source:* Adapted with permission from Pike *et al*.[@B58] published by the American Psychological Association).[@B86] Asterisks denote loadings significant at *P* \< 0.05. The latent variables *G*~a~, *E*~s~ and *E*~n~ represent a genetic factor, a shared environmental factor and a non-shared environmental factor, respectively, that affect the environmental measure (mothers' negativity) and also affect the outcome measure (adolescent children's depressive symptoms). The latent variables *g*~a~, *e*~s~ and *e*~n~ represent the genetic, shared environmental and non-shared environmental influences, respectively, that are unique to the outcome measure. The path coefficients indicate how the variance of depressive symptoms can be attributed to genetic and environmental components of variance that covary or do not covary with mothers' negativity. Because the path coefficients are standardized, squaring them indicates the proportion of variance explained by a path. Thus, squaring and summing the six path coefficients leading to depressive symptoms yields 1.0, the total variance of the depressive symptoms measure. Squaring the significant common non-shared environment path of 0.11 indicates that non-shared environmental influences that covary with mothers' negativity explain only 1.2% of the variance of depressive symptoms. However, the product of the non-shared environmental paths connecting mothers' negativity and depressive symptoms (i.e. 0.42 × 0.11 = 0.046) indicates that non-shared environmental influences contribute 0.046 to the phenotypic correlation between them. The phenotypic correlation is 0.33, which means that non-shared environment explains 14% of the correlation between mothers' negativity and depressive symptoms (i.e. 0.046/0.330 = 0.139). The significance of the residual *e*~n~ parameter indicates that there are significant non-shared environmental effects on depressive symptoms that are not explained by non-shared environmental effects due to mothers' negativity. Squaring the *e*~n~ path coefficient of 0.51 indicates that 26% of the variance of depressive symptoms is due to such residual non-shared environmental influences, which includes error of measurement. Thus, non-shared environmental influences on mothers' negativity explains 4.6% of the total non-shared environmental variance (including error of measurement) of depressive symptoms (i.e. 0.11^2^/0.51^2^ = 0.012/0.260 = 0.046)

This report[@B86] was part of a 10-year study called the Non-shared Environment in Adolescent Development (NEAD), a project that emerged directly from a conference based on the 1987 paper.[@B31] NEAD used multiple methods to assess parenting and adolescent children's adjustment over a 3-year interval in 720 families that included identical and fraternal twins, full siblings, half-siblings and genetically unrelated siblings. In general, findings from NEAD were similar to those of the report described above: some significant non-shared environmental contribution can be found between experiences and outcomes but the genetic contribution is more influential.

At least a dozen such multivariate genetic analyses between environmental measures and outcomes have been reported during the past decade, generally yielding results that are similar to those from the NEAD project. Most of these are studies of the effects of negative parenting on children's antisocial behaviour, such as parental corporal punishment and physical maltreatment,[@B93] parental criticism,[@B94] parental negativity[@B95] and parent--child conflict.[@B96] Other studies have investigated the effects of other aspects of parenting and other outcomes such as parental affection and pro-social behaviour,[@B97] parent--child mutuality and behaviour problems,[@B98] and maternal emotional over-involvement and anxiety.[@B99] In addition, a few studies have begun to look beyond the family, specifically to affiliation with delinquent peers as they influence antisocial behaviour.[@B100; @B101; @B102]

In summary, studies using the full multivariate genetic design find some significant---if slight---non-shared environmental effects independent of genetics and shared environment. How does this finding fit with the results from identical twin differences studies which often show significant and apparently substantial non-shared environmental associations between experiences and outcomes? The answer was alluded to earlier: Strong within-pair associations between experiences and outcomes can be found even though such within-family effects account for only a small portion of the total variance. Another reason is that the identical twin differences design focuses exclusively on non-shared environment, whereas the non-shared environmental links between experiences and outcomes are overshadowed by substantial genetic links. As noted earlier, the identical twin differences method is a sharp tool to dissect non-shared environmental effects from genetic and shared environmental influences; the full multivariate genetic design is complementary in that it considers non-shared environmental effects in the context of the total variance between and within families. The two designs should yield complementary results in studies with comparable power.

Conclusion
==========

Where are we now in the search for specific non-shared environmental effects? Some significant but small non-shared environmental effects have been demonstrated, especially on the 'dark side' of development---e.g. negative parenting and negative outcomes. However, much of what appears to be differential effects of experience on outcomes turns out to be due to genotype--environment correlation, which has led to excitement about identifying specific genes involved in these correlations.[@B103] The book summarizing the NEAD project is called 'The Relationship Code' because genotype--environment correlation can be viewed as restoring to the family some of the influence lost from both non-shared and shared environmental effects in the sense that childhood genetic propensities are expressed in the family environment. Genotype--environment correlation is neither solely genetic effects nor environmental effects---it is both.

Despite the slow progress towards identifying specific sources of non-shared environment, the basic finding of the 1987 paper remains unchallenged: children growing up in the same family are very different. It is rare in a field as complex as the behavioural sciences to discover such clear and consistent evidence for a finding that radically alters the way we think about an issue as basic as how the environment influences development. It was reasonable to assume that the key influences on children's development are those that are shared by children growing up in the same family: their parents' personality and family experiences, the quality of their parents' marital relationship, their parents' educational background and socioeconomic status, the neighbourhood in which they are raised and their parents' attitude to school or to discipline. Yet to the extent that these influences are shared environmentally, they cannot account for individual differences in children's development because the salient environmental influences are non-shared. The message is not that family experiences are unimportant but rather that the relevant experiences are specific to each child in the family, not general to all children in the family. However, my main conclusion has to be that the key question largely remains unanswered: why are children in the same family so different?
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